Introduction
Opioids are a mainstay of pain management, offering an effective treatment for both acute and chronic pain conditions. The World Health Organization's three-step analgesic ladder places non-opioids at Step 1, followed by opioids for mild-to-moderate pain (e.g. codeine, tramadol) at Step 2 and opioids for moderate-to-severe pain (e.g. oxycodone, morphine) at Step 3. 1 This stepwise approach was originally developed for cancer pain, but is now also used in chronic non-cancer pain. Several modified versions of the ladder have been proposed, including one that incorporates a fourth step for treatment of chronic pain crises, 2 and another that skips Step 2 in cancer pain.
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Bantel et al dysfunction" are often reported as particularly troublesome for patients, frequently overtaking pain as the primary complaint. 4 The most common of these GI effects is opioid-induced constipation (OIC), 5, 6 which is likely caused by opioids binding to µ-opioid receptors in the submucosal and myenteric plexuses of the GI tract. This reduces GI secretions and peristaltic activity, and increases fluid reabsorption, resulting in dry, hard stools. 7 Unlike other GI symptoms, patients rarely develop tolerance to OIC, so it does not resolve over time. 8 OIC negatively impacts patients' quality of life (QoL), [9] [10] [11] affecting their relationships, social life, dietary choices and ability to perform activities of daily living. 11 To avoid OIC, some patients will reduce their opioid dose, or even stop taking opioids altogether, which can result in uncontrolled pain. [9] [10] [11] [12] Almost half of the 439 patients in a multinational survey reported that OIC moderately or completely interferes with pain control. 13 However, the negative effects of OIC on pain management and QoL are often underappreciated by health care professionals, 14 which can compromise patient care. There is also a considerable economic burden associated with OIC: patients may need time off work or be less productive when at work, 10, 11 and may use additional health care resources. 15 In Sweden and the US, it has been shown that total health care costs are significantly higher for patients with OIC than for those without. [15] [16] [17] [18] Traditionally, OIC is treated with laxatives, with stimulants and stool softeners typically recommended. 19 However, laxatives do not affect opioid binding to receptors in the GI tract and therefore do not address the underlying mechanism of OIC. Consequently, many patients do not experience relief from constipation after treatment with traditional laxatives. 9, 10, [20] [21] [22] Fixed-dose prolonged-release (PR) oxycodone/naloxone (OXN) tablets (Targinact ® , Napp Pharmaceuticals, UK) contain the µ-opioid agonist oxycodone, combined with the µ-opioid antagonist naloxone. Naloxone counteracts OIC by blocking the action of oxycodone at opioid receptors in the GI tract. Given orally, naloxone has negligible bioavailability (≤3%) as a result of extensive first-pass metabolism. 23 Therefore, its effects on the central nervous system are minimal, and it does not interfere with the analgesic effects of oxycodone. 24, 25 Several studies have confirmed that treatment with PR OXN provides effective pain relief while reducing OIC. [24] [25] [26] [27] [28] [29] [30] [31] [32] Patients treated with PR OXN (either for chronic nonmalignant pain or for chronic cancer pain) have reported an improvement in their QoL. [29] [30] [31] 33, 34 Furthermore, a UK-based analysis has shown PR OXN to be a cost-effective option for treating patients with severe nonmalignant pain and OIC. 35 Peripheral µ-opioid antagonists, such as naloxegol (Astra Zeneca, UK), are also available for the treatment of OIC that is refractory to laxatives. A disadvantage of clinical trials is that they investigate medications under strictly controlled conditions in specific patient populations, and so may not reflect what happens in day-to-day clinical practice. Much of the available data for PR OXN focus on its clinical efficacy; although some data on QoL exist, more is needed, particularly in mixed pain populations. To address both these issues, we carried out an observational, cross-sectional study in patients prescribed PR OXN to evaluate the efficacy of medication and the impact on bowel function and QoL in patients with severe pain requiring an opioid, who were experiencing OIC despite taking laxatives, or who were unable to tolerate laxatives.
Methods
A bespoke online clinician audit tool was developed to support pain centers in collecting patient data and evaluating clinical outcomes of patients taking PR OXN. It was developed with input from a steering group of pain experts from the UK and Ireland with expertise in the management of chronic pain. Between November 2013 and January 2015, this audit tool was used in a study conducted in 13 centers in the UK and Ireland. Participating centers were located across the spectrum of patient care in primary care (Ireland) and secondary care (UK). Patients were prescribed PR OXN after continuing to experience OIC despite the use of laxatives with their previous opioid or if they were unable to tolerate laxatives due to their side effects. The decision to prescribe PR OXN was entirely at the investigator's discretion, and was not based on any strict inclusion or exclusion criteria. The aim of the study was to assess the efficacy of PR OXN in terms of improvements in constipation and QoL.
At baseline, patients' demographic data (age and gender), pain condition and previous pain medication (opioids and co-analgesics) were recorded. Any factors that may have contributed to the patient's constipation (e.g. diet, reduced mobility, preexisting bowel conditions) were also documented. Patients' current laxative regimen, whether the patient had failed laxatives, and the reason for laxative failure (i.e. intolerable adverse events [AEs] or lack of efficacy) were also captured. Finally, the starting dose of PR OXN was recorded, together with the objective for starting PR OXN treatment (improvement in constipation and/or other associated symptoms, improvement in QoL, or both). Patients were switched from their previous opioid to standard equianalgesic doses of PR OXN to ensure that analgesia was maintained. The starting dose of PR OXN was recorded.
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Oxycodone/naloxone in opioid-induced constipation Patients were then reviewed within normal clinical practice (i.e. during their usual consultations rather than at separate defined study visits); as a result, the number of reviews per patient and the time between reviews were not standardized between centers. Clinicians collated data from each patient review of any changes in constipation and QoL using the 7-point Patients' Global Impression of Change scale, 36 where 1 = very much improved and 7 = very much worse. Data relating to the type of laxatives used by patients and their frequency of use were collated as well as the objective for starting PR OXN which was reviewed at each consultation to understand if the objectives of PR OXN treatment had been met.
The decision to prescribe PR OXN had been made before the study period started, and data were collected within the course of normal clinical practice with patient consent. Therefore, the National Research Ethics Service (NRES) confirmed that formal ethics committee approval was not required. All data were anonymized.
Data analysis
As an audit, this uncontrolled observational study was intended to give an overview of real-world clinical practice and outcome over a specified time period, and was not designed to provide applicable statistical power, so no formal sample size calculation was undertaken and no statistical model was applied.
Data were summarized descriptively using SAS ® v9.3 (SAS Institute Inc., Cary, NC, USA); there was no imputation for missing data. Continuous data were presented as mean, standard deviation and range. Categorical data were presented as number and percentage. Presentation of data were developed in accordance with guidance from STROBE (strengthening the reporting of observational studies in epidemiology), details of which can be found at www.strobe-statement.org)
Results
Patients
In total, 107 patients were entered into the Targinact Treatment Evaluator (TTE) database. Table 1 shows the baseline characteristics of patients. Patients who did not undergo a subsequent review following enrollment were included in demographic and AE analysis only and were excluded from analyses of other parameters. Eighty-one of the 107 patients (75.7%) went on to attend at least one review and were included in the analysis. Patients were predominantly female and aged ≤65 years; nearly a third (29.9%) had two or more pain conditions. The majority of patients had at least one factor contributing to constipation at baseline (n=101; 94.4%). The incidence of predisposing factors was similar between older (aged ≥65 years) and younger (aged ≤65 years) patients, with the exception of reduced mobility: 27/42 patients (64.3%) aged ≥65 reported that reduced mobility contributed to their constipation, compared with 30/65 (46.2%) aged ≤65. For 63 patients (58.9%), the objective for starting PR OXN was to improve both their symptoms of constipation and their QoL. Table 2 shows the patients' previous opioid and coanalgesic medications, and laxative use at baseline. Laxative regimens that were used by patients included stool softeners such as PEG, stimulants including senna, biscodyl and docusate, osmotic laxatives such as lactulose and bulk-forming 
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Bantel et al agents including methylcellulose. The most commonly used opioids were tramadol, morphine and oxycodone. Two-thirds of patients were using paracetamol as a co-analgesic. Most patients (102; 95.3%) were taking at least one laxative before they started using PR OXN. Sixty-five patients (60.7%) had failed their previous laxative regimen: 53 because of lack of efficacy and 12 because of intolerable AEs. The most common type of laxative taken by the 53 patients who failed because of lack of efficacy was stimulants (taken by 37 patients; 69.8%). In the 12 patients who failed because of AEs, the most common type of laxative taken was osmotics (taken by seven patients; 58.3%). The dose of PR OXN at the start of therapy and at last review is shown in Table 3 .
improvement in constipation and Qol
Of the 81 patients who underwent at least one review, 54 (66.7%) had an improvement in their constipation ( Figure 1 ) on switching to PR OXN in an equianalgesic fashion from their previous opioid. In a small proportion of patients (n=5; 4.7%), PR OXN was considered to be ineffective and patients did not experience an improvement. For those patients experiencing improvement, there did not appear to be an association between age and improvement in constipation (Table 4) . Additional sub-analyses indicated that there was likewise no association between improvements in constipation and gender, number of constipating factors, number of laxatives or reason for laxative failure (although the number of patients involved was low). There was some variation in the proportion of patients who had an improvement in constipation according to the number of constipating factors. The proportion of patients reporting improved constipation did not appear to vary among those who had been taking one or two laxatives before starting PR OXN, but was slightly higher in those who had been taking three laxatives. Fifty (61.7%) of the 81 patients who underwent at least one review had an improvement in their QoL (Figure 1 ). There did not appear to be an association between age and improvement in QoL (Table 5) , and similarly, there was no association between improvements in QoL and number of laxatives or reason for laxative failure. The proportion of patients reporting improved QoL did not appear to vary among those who had been taking one or two laxatives before starting PR OXN, but was slightly lower in those who had been taking three laxatives. While there was no recognizable association between improvements in QoL and gender, it was noted that fewer females than males reported an improvement (56.3% vs. 69.7%, respectively).
laxative use
Of the 81 patients who underwent at least one review, 57 (70.4%) reduced their laxative intake after starting PR OXN; 48 patients (59.3%) said they were now only using laxatives as required (Figure 2 ). Three-quarters of patients aged ≥65 (25/33; 75.8%) said they were only using laxatives as required, compared with approximately half of those aged ≤65 (23/48; 47.9%). Two-thirds of patients who had previously failed laxatives because of lack of efficacy (28/42; 66.7%) said they were only using laxatives as required, 
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Oxycodone/naloxone in opioid-induced constipation Information about subsequent treatment was recorded for 34 of the 107 patients in the database. No further treatment was needed in 21 patients, nine were put on a regimen where the opioid was rotated and laxative titrated as required, three were advised to manually evacuate as required and one returned to their previous treatment regimen.
safety
All 107 patients in the database were included in the safety analysis; 28 (26.2%) had at least one AE during PR OXN treatment. The most common AE was nausea (n=3; 2.8%; Table 6 ). Crohn's disease, death, increased heart rate, lung neoplasm, sensory loss and elective surgery were also recorded as AEs in one patient each; however, these are not thought to be related to PR OXN. Lack of efficacy was also recorded in 4.7% (n=5) of patients.
The incidence of AEs was lower in patients aged ≥65 (9/42; 21%) than in patients aged ≤65 (19/65; 29%). Whereas the incidence of GI events was similar, fewer elderly patients reported non-GI events such as nervous system and psychiatric disorders (Table 6 ).
More females than males reported GI events (6/66; 9.1% vs. 2/41; 4.9%). The incidence of non-GI events was similar between genders.
Discussion
OIC is common, and laxatives are often not an effective treatment. For example, in the multinational PROBE1 survey of 322 patients receiving opioids for chronic pain, 81% of patients reported OIC, despite taking laxatives. 9 Another multinational survey of 489 patients with chronic non-cancer 
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Oxycodone/naloxone in opioid-induced constipation pain revealed that 96% of patients taking one laxative for OIC and 38% taking two had an inadequate response to treatment. 21 A small Dutch pilot study in patients receiving oxycodone for chronic pain showed that 43% were nonresponders to laxatives; among those patients with severe OIC, this rose to 71%. 22 Clearly, there is a need for alternative treatment options for OIC. Our study in a heterogeneous population that is representative of patients seen in routine clinical practice showed that PR OXN is an effective option: it reduces constipation, improves QoL and reduces laxative use in patients with OIC. Overall, the improvements in constipation and QoL are consistent with other recently published small observational studies in patients with chronic pain and laxative-refractory OIC. 29, 32, 33 However, it appears that a number of patients did not experience an improvement in QoL, despite their constipation being reduced. This may have been influenced by the underlying medical condition, with some patients having several factors that would need improvement before they feel their overall QoL is improved.
Importantly, improvements observed in this study in levels of constipation were independent of opioid dose, as all patients were switched from their previous opioid to equianalgesic doses of PR OXN. These data support a recently published patient survey that indicated taking laxatives did not improve symptoms of OIC for patients, irrespective of opioid strength, or dose or number of laxatives taken. 37 The use of laxatives is often associated with side effects such as bloating, gas, fecal soiling and alterations in electrolyte haemostasis; 37 medication that can reduce or perhaps eliminate the use of laxatives has the potential to improve patients' lives.
Many of the patients in the study population had previously failed laxatives, either because of lack of efficacy or because of intolerable side effects. Owing to prescribing restrictions on opioids in the UK, PR OXN is often used after laxatives have failed, but only in specific groups of patients. We would argue that patient selection is important and that PR OXN should be available early in the treatment pathway to any patient who would be likely to benefit, for example, those who have previously had bowel surgery and must avoid constipation. However, to allow identification of these patients, algorithms need to be developed.
Most patients in the study also had several additional factors that contributed to their constipation; the most common were reduced mobility and diet. These non-pharmacological factors are important and should ideally be corrected before pharmacological treatment is initiated. However, improving a patient's mobility without sufficient pain relief is difficult; these patients would likely benefit from an analgesic with a reduced potential to cause OIC. Thirty-two patients (29.9%) had preexisting abdominal conditions that may also have had an impact on both their pain and bowel function. Although abdominal pain was not a specific pain type recorded in this study, it is likely that it would have had an impact on a number of patients.
The patient population in this study was predominantly female. This is to be expected given the higher prevalence of chronic pain in females compared with males, 38 and is consistent with a previous longitudinal survey in OIC. 21 A subgroup analysis showed that gender made no difference to the overall study results.
PR OXN was well tolerated, particularly in older patients (≥65 years); in fact, the incidence of AEs was lower in this group than in younger patients. This is interesting, given that older patients are generally considered to be more susceptible to AEs than younger patients. 39 One explanation may be that the older patients had a lower daily intake of opioid, resulting in fewer non-GI side effects: 66.7% of patients aged ≥65 started on the lowest dose of PR OXN (5/2.5 mg), compared with 20% of those aged ≤65 years.
Limitations
Using the TTE to collect data means that we have obtained a "real-world" perspective on the effectiveness of PR OXN in patients with OIC. Real-world data are becoming increasingly important, particularly to decision-making bodies: large-scale clinical trials have been criticized because they do not truly reflect what happens in day-to-day clinical practice. However, there were some limitations to the study. One key limitation is the introduction of potential bias due to the lack of a controlled study design. Additionally, as the time interval between reviews was not specified, there could have been a degree of variability in the data obtained. Another limitation of this study is the low patient numbers which means that the data must be interpreted with caution. 40 Carrying out the patient reviews as part of normal clinical practice meant that limited data were collected for some patients who may only have had one or two reviews scheduled during the predefined timeframe of the study (15 months). A final potential confounder of the data in this study are missing follow-up review data from 26 patients; whether this is due to late study entry or the lack of scheduling before study end cannot be determined. The nature of the study may have given rise to inclusion bias: it is possible that centers tended to include patients with particularly challenging constipation. However, each of the 13 centers included similar numbers of patients, so the results can be assumed to be representative of a broad population of patients with OIC. A further limitation is that there are likely to have been differences between centers in protocols for using PR OXN. Despite the limitations of an audit rather than a controlled clinical study, the data observed here do indicate that real-world patient outcomes observed are substantively comparable to those data observed in true controlled clinical studies.
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Conclusion
PR OXN provides an additional treatment choice in OIC, particularly for patients who are running out of options. The results give a fresh perspective on the epidemiology of constipation, revealing that many patients with OIC have other predisposing factors. We suggest that there is a place for PR OXN early in a treatment strategy for severe pain: predisposing factors (e.g. diet and reduced mobility) should be corrected first, followed by prescription of an analgesic that has a reduced potential to cause constipation, particularly in patients for whom constipation is already, or is anticipated to become, an issue.
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